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Inorganic monolithic mouldings coated with organic polymers 

The present invention relates to inorganic monolithic mouldings whose 
surface is coated with physi- or chemisorbed organic polymers, and to 
processes for the production of materials of this type. The materials 
according to the invention are highly suitable as sorbents for chromatog- 
raphy, in particular for high pressure liquid chromatography of biological 
materials. 

Chromatographic support materials or sorbents, which are employed for 
the separation or purification of biological materials, such as proteins, 
nucleic acids, etc., have to have high alkali stability besides good separa- 
tion properties. The reason for this are, in particular, special cleaning and 
sterilisation processes to which the sorbents are subjected. 



For example, in the so-called clean in place process, the sorbent is treated 
with 1M sodium hydroxide solution over a period of 10 minutes to three 
hours, depending on the column dimension. In order to prevent microbial 
contamination, the support materials are stored in 0.1 M sodium hydroxide 
solution for long-term storage. Not all support materials are stable under 
such conditions. For example, inorganic support materials based on silicon 
dioxide are often not sufficiently stable under the said conditions. 

For this reason, organic polymers, such as dextran, agarose, cellulose, 
polystyrene or methacrylate esters, or inorganic particulate materials 
coated with such organic polymers are frequently employed as support 
materials in biochromatography. 



15 



30 



Examples of polymer-coated inorganic particles are given, for example, in 
US 4,308,254 or US 5,271,833. US 4,308,254 discloses inorganic porous 
particles, for example made from silica, aluminium oxide, magnesium 
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oxide or titanium oxide, which are coated with polysaccharide polymer. 
US 5,271,833 discloses inorganic oxide particles which are surrounded by 
an organic polymer. 

5 The disadvantage of the purely organic polymers is a frequently unfavour- 
able pore structure and, as a consequence, an inadequate specific surface 
area. In addition, polymers with a low degree of crosslinking, in particular, 
swell considerably in certain solvents. 

10 In polymer-coated particles, these disadvantages can only be overcome to 
a certain degree by the stable inorganic core. In particular, fairly small 
particles usually have to be employed in order to ensure a sufficiently high 
separation efficiency, which results in a considerable increase in the col- 
umn back pressure. In particular at high pressure, the particles cluster 

15 together relatively closely. The flexible polymer layer is considerably 

deformed in the process, in particular by the inflexible inorganic core, and 
in some cases even destroyed. This also naturally results in a considerable 
impairment of the separation efficiency and the service lives of the column. 

20 A further approach is disclosed in DE 199 29 073. Here, the pores of a 

porous inorganic rod are completely filled with a polymer phase comprising 
spherical particles connected to one another. Although mouldings whose 
pores are completely filled with polymer are relatively easy to produce, 
they exhibit, however, only moderate suitability for chromatographic 

25 applications due to the pores completely filled with polymer spheres. On 
the one hand, the polymer spheres in the channels of the monolith natu- 
rally have the same properties as polymer spheres which are packed 
directly into a column, and thus also have the same disadvantages. On the 
other hand, there is a considerable danger that relatively small channels in 

30 particular are completely blocked and thus inhomogeneous pressure con- 
ditions arise in the monolith, again resulting in an impairment of the sepa- 
ration properties. 
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It has now been found that the above-mentioned disadvantages can be 
overcome by the use of polymer-coated inorganic monolithic mouldings. 
To this end, the inorganic porous monolithic mouldings are uniformly cov- 
ered with a coating of organic polymer. The pre-defined rigid structure of 
the monolithic material prevents deformation or destruction of the sorbent, 
even at high pressure. In addition, a suitable choice of the pore structure of 
the inorganic moulding and of the coating method allows the production of 
sorbents which exhibit only a moderate column back pressure, even at 
high flow rates. 

The present invention therefore relates to porous inorganic monolithic 
mouldings which are coated with at least one organic polymer. 

In a preferred embodiment, the porous inorganic monolithic mouldings are 
materials based on Si0 2 . 



In a particularly preferred embodiment, the porous inorganic monolithic 
mouldings have a bimodal pore structure with mesopores having a 
diameter of between 2 and 100 nm and macropores having a mean 
diameter of greater than 0.1 pm. 



In a further preferred embodiment, the organic polymers are polystyrenes 
or poly(meth)acrylates, and other poly(meth)acrylic acid derivatives, such 
as, for example, poly(meth)acrylamide derivatives. 

In a preferred embodiment, the organic polymer is physisorbed on the 
inorganic moulding. 

The present invention furthermore relates to a process for the production 
of porous inorganic monolithic mouldings which are coated with at least 
one organic polymer, which has the following process steps: 
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a) provision of a porous inorganic monolithic moulding 

b) impregnation of the porous inorganic monolithic material from step a) 
with a coating solution comprising at least organic prepolymers or 
mono- and/or oligomers. 

c) coating of the moulding, where the moulding, during the coating, is clad 
in an impermeable manner, at least on the long sides, with an inert 
material or stored in an inert solvent 

d) washing and drying of the moulding from step c) for the removal of 
reaction residues and solvent 

In a preferred embodiment, in step c) the prepolymers or monomers and/or 
oligomers are precipitated from the coating solution onto the inorganic 
moulding. 

In a particularly preferred embodiment, the precipitation is carried out by 
lowering the temperature. 

The present invention also relates to the use of the mouldings according to 
the invention for the chromatographic separation of at least two sub- 
stances, in particular for the separation and/or purification of biological 
materials. 



For the purposes of the present invention, mouldings are, in particular, 
mouldings which can be employed as a single piece for chromatographic 
separations and are not, like particles, introduced in large number into a 
column. In particular, these are flat or columnar mouldings. Flat mouldings 
have their greatest dimension perpendicular to the through-flow direction 
of the eluent. Particular preference is given to columnar mouldings, which 
have an equally long or longer dimension along the axis through which the 
eluents flow. The size and dimension of the mouldings corresponds to the 
usual dimensions for use in chromatography. Flat mouldings typically 
have a thickness of between 0.2 and 20 (jm, columnar mouldings typically 
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have a diameter of between 0.1 cm and 5 cm and a length (longest 
dimension) of between 1 and 30 cm. For preparative separations, the 
stated dimensions can be exceeded corresponding to the dimensions of 
known column dimensions. For miniaturised applications, the stated 
5 dimensions can be reduced down to the region of capillaries. 

The porous inorganic monolithic mouldings typically consist of inorganic 
oxides, such as aluminium oxide, titanium dioxide or preferably silicon 
dioxide. 

10 

Of major importance for the suitability of the coated mouldings according 
to the invention as chromatographic sorbents is the pore structure of the 
inorganic mouldings. On the one hand, it influences how homogeneously 
the polymer coating can be applied to the moulding. On the other hand, it 
15 influences the separation efficiency and the column back pressure of the 
coated mouldings. Mouldings which are suitable in accordance with the 
invention have at least pores which still facilitate flow through the mould- 
ing, even after the coating. Preference is therefore given to materials which 
have at least macropores. 

20 

Materials having a bimodal pore distribution, i.e. mouldings which have 
both macro- and also mesopores, have proven particularly advantageous. 
The additional mesopores enable a greater surface area to be provided at 
a low liquid counterpressure. 

25 

Particular preference is therefore given in accordance with the invention to 
the use of inorganic porous monolithic mouldings which have macropores 
having a mean diameter of greater than 0.1 pm and mesopores in the 
walls of the macropores, where the mesopores have a diameter of 
30 between 2 and 100 nm. Materials of this type can be produced, for exam- 
ple, by a sol-gel process corresponding to WO 95/03256 and particularly 
preferably corresponding to WO 98/29350. 
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Organic polymers which are suitable for coating the mouldings are organic 
materials which can be applied to the moulding as oligomer and/or polymer 
or organic oligomers and/or monomers which are applied to the moulding 
by polymerisation or polycondensation. The organic polymers can be 
chemi- or physisorbed on the moulding. 



Suitable organic polymers are, for example, polystyrenes, polymethacryl- 
ates, melamines, polysaccharides, polysiloxanes and derivatives thereof or 
copolymers of two or more suitable compounds, such as, for example, a 
coating of tetraalkoxysilane and methyltrialkoxysilane. Also suitable are 
copolymers of the above-mentioned substances with monomers which 
already carry separation effectors which are suitable for chromatography, 
such as, for example, copolymers of polystyrenes with compounds carry- 
ing ion exchanger groups. Preference is given to chemi- or physisorbed 
polystyrenes or polystyrene derivatives, particular preference is given to 
physisorbed poly(meth)acrylates or poly(meth)acrylate derivatives, and 
other poly(meth)acrylic acid derivatives, such as, for example, poly(meth)- 
acrylamide derivatives. These include, in particular, poly(methacrylate), 
poly(2-hydroxyethyl methacrylate), a copolymer of 2-hydroxyethyl meth- 
acrylate and ethyl methacrylate or poly(octadecyl methacrylate). 
The polymer coating can take place in accordance with the invention in 
various ways: 

1 ) by polymerisation or polycondensation of physisorbed monomers 
and/or oligomers without formation of covalent bonds to the inorganic 
moulding 

2) by polymerisation or polycondensation of physisorbed monomers 
and/or oligomers with formation of covalent bonds to the inorganic 
moulding 

3) by immobilisation (physisorption) of prepolymers without formation of 
bonds to the inorganic moulding 

4) by chemisorption of prepolymers on the inorganic mouldings. 
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A solution which is employed for the coating according to the invention of 
the mouldings accordingly comprises either organic prepolymers or 
monomers and/or oligomers. In addition, it typically comprises a suitable 
solvent and optional further constituents, such as, for example, free-radical 
initiators. It is referred to in accordance with the invention as coating solu- 
tion. 



Prepolymers here means that use is made of already oligomerised and/or 
polymerised compounds which, after introduction into the moulding, are 
not subjected to any further polymerisation reaction, i.e. are not cross- 
linked further with one another. Depending on the nature of the application, 
they are adsorbed onto the moulding (physisorption) or covalently bonded 
to the moulding (chemisorption). 

By contrast, monomers and/or oligomers are compounds which are suit- 
able for polymerisation or polycondensation and which are crosslinked or 
polymerised further by polymerisation of polycondensation after introduc- 
tion into the moulding. Oligomers here are compounds which have already 
been generated in advance by crosslinking or polymerisation of mono- 
mers. 



It has been found that processes for the coating of particles can only be 
applied poorly to the coating of monolithic mouldings. The reason for this 
is, in particular, the poor accessibility of the interior of a moulding. In order 
to produce coated mouldings having good chromatographic separation 
properties, the coating of the moulding must be homogeneous with respect 
to its thickness and its chemical composition over the entire moulding. 
Since the moulding is, in accordance with the invention, not filled com- 
pletely with the organic polymer, the distribution of the coating in the inte- 
rior of the moulding must, in order to prevent blockage of the pores of the 
moulding, be controlled as well as possible or a porogen which forms con- 
necting pores must be added to the organic polymer. 
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Processes for the coating of particles frequently include the application of 
a polymer solution or a solution of monomer and free-radical initiator. The 
solvent is subsequently removed. This process cannot be applied in the 
coating of mouldings. During the drying of monolithic mouldings, the 
evaporation process of the solvent takes place over a relatively small sur- 
face (the outer surface of the monolith). The drying causes polymer solu- 
tion to be constantly drawn out of the interior of the moulding (blotting 
paper effect; capillary action), which makes production of homogeneous 
coatings virtually impossible. 



In accordance with the invention, coated mouldings are obtained which 
have improved properties, in particular improved stability, for example to 
alkaline solutions. Suitable coating processes for the production of coated 
15 mouldings which are improved in this way are those in which the coating 

solution is introduced into the moulding, and the chemi- or physisorption of 
the polymer coating takes place without the solvent of the coating solution 
being removed in advance. The solvent is only removed after completed 
chemi- or physisorption. 

20 

Suitable processes are, in particular, those in which polymerisation or 
polycondensation of monomers and/or oligomers can take place in the 
presence of the solvent or preferably processes in which prepolymers or 
monomers and/or oligomers can be precipitated from the solvent onto the 
25 moulding. 



In both cases, it should furthermore be ensured that the coating of the 
moulding does not result in an excessively thick polymer coating on the 
outer wall of the moulding. Since the mouldings, for use in chromatogra- 
phy, generally have to be surrounded in a liquid-tight manner by a column 
cladding and have to be provided with connections for the feed and dis- 
charge of eluent, a thick and possibly irregular coating of the outer wall 
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would make cladding considerably more difficult. In general, the coating of 
the outer wall would have to be removed first. This in turn may damage the 
outer wall of the moulding. 

5 The coating of the mouldings is therefore preferably carried out, in accor- 
dance with the invention, already in a cladding which tightly surrounds at 
least the long side of the moulding. The cladding should be inert to the 
reagents and solvents involved in the coating. The coating solution can 
then preferably, in a similar manner to a chromatography column, be 

10 pumped into the clad moulding via suitable connections. 

The coating can be carried out in exactly the same way by introducing an 
unclad moulding into an inert solvent for the coating. In the process, the 
moulding is firstly impregnated with the coating solution. It is subsequently 
15 dipped as completely as possible into an inert solvent in order to carry out 
the coating. Inert in this case means that the solvent is not involved in the 
polymerisation or polycondensation. 

In order to carry out the process according to the invention, it may, if 
20 appropriate, be necessary chemically to modify the moulding before filling 
with the coating solution in order to provide the surface of the inorganic 
material with functional groups which are necessary for physi- or chemi- 
sorption of the organic polymer coating. Suitable processes are known to 
the person skilled in the art in the area of sorbents. Suitable reactions for 
25 the introduction of the functional groups are in principle those which are 

also used for the introduction of separation effectors into chromatographic 
support materials. For mouldings based on Si0 2 , this is, in particular, the 
reaction with suitably functionalised silanes. The silanes can carry, for 
example, polymerisation-capable groups which facilitate covalent bonding 
30 to the moulding during the graft polymerisation of monomers and/or oli- 
gomers. Processes for the introduction of functionalities of this type are 
disclosed, for example, in WO 94/19687. 
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ln just the same way, it may be advantageous, for homogeneous coating 
of the mouldings, to distribute a suitable free-radical initiator homogen- 
eously on the surface of the moulding before impregnation of the moulding 
with the coating solution, in particular by covalent bonding to the moulding. 

For the coating of the inorganic mouldings with the organic polymer, the 
moulding is firstly impregnated with a coating solution. This can be carried 
out, for example, by dipping the moulding into a corresponding solution or, 
in the case of a clad moulding, by pumping the coating solution through or 
on. 

The coating of the moulding is then carried out depending on the nature of 
the coating solution. If the coating solution comprises prepolymers, these 
are precipitated onto the moulding under suitable conditions. If chemisorp- 
tion of the prepolymers is the aim, this can be carried out, for example, by 
increasing the temperature, lowering the temperature, irradiation or addi- 
tion of reagents which initiate the chemical reaction between moulding and 
prepolymer. 

A process variant which has proven particularly advantageous for the pro- 
duction of a homogeneous coating is one in which the prepolymers are 
precipitated from the coating solution by reducing the solubility to below 
the solubility product, preferably by lowering the temperature. The consid- 
erable reduction in temperature results in the formation of a supersatu- 
rated solution, from which the prepolymers deposit uniformly on the 
moulding. In these process variants, the rate of precipitation can be con- 
trolled, for example, by the rate of temperature change. 



30 



In the case of prepolymers which are insoluble in the coating solution and 
are therefore applied as suspension, an increase in the temperature can 
also, where appropriate, effect uniform coating of the moulding, in par- 
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ticular if the polymers melt due to the temperature increase and conse- 
quently deposit on the surface of the moulding. 

If the prepolymers are to be covalently bonded to the moulding, the bond- 
5 ing can be started after the precipitation through suitable initiation, such as 
irradiation, addition of reaction initiators, etc. 

In addition, it is possible to apply a plurality of polymer layers, even differ- 
ent ones, successively to the moulding. 

10 

After completion of the coating, the moulding is rinsed thoroughly with 
suitable solvents in order to remove reaction residues, such as unreacted 
monomers or unadsorbed polymer. 

15 The coated moulding is subsequently dried, preferably under reduced 
pressure. 

The mouldings coated in accordance with the invention can be employed 
directly for chromatographic separations or first functionalised with sepa- 

20 ration effectors. These are, for example, ionic, hydrophobic, chelating or 
chiral groups. Processes for the introduction of functionalities of this type 
are known to the person skilled in the art in the area of chromatographic 
support materials and in relevant textbooks, for example Handbuch der 
HPLC [Handbook of HPLC], Ed. K.K. linger; GIT-Verlag (1989) and 

25 Porous Silica, K.K. Unger, Elsevier Scientific Publishing Company (1979). 

The mouldings according to the invention are particularly suitable for bio- 
chromatography since they are distinguished by good base stability on use 
of base-stable organic polymers and at the same time exhibit good sepa- 
30 ration efficiencies and a low column back pressure. 
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Furthermore, the mouldings coated in accordance with the invention can 
be employed as solid phase for the immobilisation of catalysts, for exam- 
ple biocatalysts, such as enzymes. Suitably functionalised mouldings can 
also serve as co-reactants for through-flow synthesis. 

5 

Even without further comments, it is assumed that a person skilled in the 
art will be able to utilise the above description in the broadest scope. The 
preferred embodiments and examples should therefore merely be regard- 
ed as descriptive disclosure which is absolutely not limiting in any way. 

10 

The complete disclosure content of all applications, patents and publica- 
tions mentioned above and below and of the corresponding applications 
EP 02024250.9 , filed on 31 October 2002, and EP 02024251.7, filed on 
31 October 2002, are incorporated into this application by way of refer- 
1 5 ence. 

Examples 

20 Example 1: Comparison of the properties of a C18-functionalised 

moulding with a polymer-coated moulding according to the invention 

1.1 Production of monoliths with standard C18 modification 

The usual method for masking a silica-gel surface in chromatography is 
^ surface modification with reaction with a hydrophobic silane. 

For this purpose, 6 well-dried (100°C under reduced pressure) porous 
monolithic silica mouldings (production corresponding to WO 98/29350; 
length 15 cm) which have a specific surface area of 300 m 2 /g and a pore 
volume of 1 ml/g are placed in a reaction mixture of 100 ml of toluene and 

OA 

ou 1 5 ml of octadecyldimethylchlorosilane. In order to remove the air from the 
moulding, the reaction mixture is evacuated and re-aerated with nitrogen. 
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The reaction is carried out by heating for 24 hours at 1 10°C. After the 
reaction time, the mouldings are removed and freed from unreacted silane 
by extraction with toluene. After drying at 100°C under reduced pressure, a 
weight increase of 20% is observed. 

Measurement of the elemental analysis gives a content of 16.2% of car- 
bon. 



1.2 Production of mouldings with a polymer coating of sty- 
rene/divinylbenzene 

The coating of the silica-gel surface of the mouldings (same starting mate- 
rial as under 1 .1 ) is carried out by polymerisation of a mixture of styrene 
and divinylbenzene. To this end, firstly a monomer mixture of 12 g of sty- 
rene and 6 g of divinylbenzene with 0.5 g of azoisobutyronitrile in 50 ml of 
toluene is prepared. 

6 well-dried (100°C under reduced pressure) silica mouldings having a 
length of 15 cm which have a specific surface area of 300 m 2 /g and a pore 
volume of 1 ml/g are placed in the reaction mixture. In order to remove the 
air from the mouldings, the reaction mixture is evacuated and re-aerated 
with nitrogen. 

For the polymerisation, the impregnated rods are then placed in a reaction 
apparatus containing fresh toluene pre-heated to 80°C. The reason for this 
is that only the coating solution is to be brought to reaction in the interior of 
the moulding in order that an external polymer layer on the moulding 
and/or solution polymer does not make cleaning more difficult and falsify 
the later stability investigation. After 5 hours at 80°C, the mouldings are 
removed and freed from unreacted monomer and unadsorbed polymer by 
extraction with toluene. After drying at 100°C under reduced pressure, a 
weight increase of 6% is observed. 

Measurement of the elemental analysis gives a content of 5.5% of carbon. 
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1.3 Reaction of a clad moulding carrying a polymerisable functional!- 
sation with styrene/divinylbenzene 

The coating of the silica-gel surface is carried out in this case by in-situ 
polymerisation of a mixture of styrene and divinylbenzene. In order to be 
able to covalently bond the polymer, the moulding was firstly reacted with a 
mixture of toluene and methacryloxypropyltrimethoxysilane. 

A well-dried moulding having a length of 10 cm pre-clad with PEEK (pro- 
duction corresponding to WO 98/29350) which has a specific surface area 
of 300 m 2 /g and a pore volume of 1 ml/g is conditioned at 80°C in an HPLC 
oven. A mixture of 20 g of toluene and 2 g of methacryloxypropyltrimethoxy- 
silane is pumped through the moulding at a flow rate of 0.5 ml/minute and 
subsequently rinsed with toluene. 

A monomer mixture of 6 g of styrene and 3 g of divinylbenzene with 0.5 g 
of azoisobutyronitrile in 50 ml of toluene is subsequently prepared. The 
previously degassed reaction mixture is pumped through the moulding, 
which was conditioned at 80°C in an HPLC oven, at a flow rate of 
0.5 ml/minute. In order to remove unreacted monomer and unadsorbed 
polymer, the moulding is subsequently rinsed with 50 ml of toluene at 
80°C. After drying at 100°C under reduced pressure, a weight increase of 
10% is observed. 

Measurement of the elemental analysis gives a content of 9.3% of carbon. 



1 .4 Test for stability of the polymer layer 
A) Static testing 

In order to test the masking of the silica-gel surface and investigate for 
uniformity and impermeability of the polymer coating, the mouldings are 
subjected to sodium hydroxide solution treatment. Since silica gel has high 
solubility in sodium hydroxide solution, the surface coverage must reduce if 
the support material is attacked and dissolved. 
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For the testing, the mouldings are placed in 100 ml of a solution of 4 g of 
NaOH in 1 I of water (0.1 N sodium hydroxide solution), and samples are 
withdrawn for investigation after 1 h, 5 h and 24 h. The samples are freed 
from soluble components and residual sodium hydroxide solution by inten- 
sive extraction with water. The mouldings are subsequently extracted firstly 
with methanol and then with toluene in order to remove polymer 
components no longer adsorbed. 

The samples obtained are dried and investigated by elemental analysis. 
As comparison, the experiment was also carried out with a 1 N sodium 
hydroxide solution. 



B) Dynamic testing 

As an addition, a solution of 4 g of NaOH in 1 I of water (0.1 N sodium 
hydroxide solution) is pumped through the PEEK-clad moulding for 24 
hours at a flow rate of 0.2 ml/minutes, and the latter is washed by rinsing 
with water, methanol and toluene. 



C) Result of the testing 

Table 1 shows the remaining carbon content of the mouldings or their 
condition after treatment with sodium hydroxide solution for various times: 
FK1: C18-functionalised moulding (see 1.1) 

FK2: moulding coated with styrene/divinylbenzene in toluene (see 1.2) 
FK3: moulding coated with styrene/divinylbenzene in cladding (see 1.3) - 
only one value could be determined here since the moulding had to be 
broken out of the cladding for the determination of carbon content. 



30 
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Table 1 

It was observed that a C-18-functionalised moulding loses a considerable 
amount of weight and thus also of carbon modification in sodium hydroxide 
solution and is in some cases destroyed or even completely dissolved. By 
contrast, the polymer-coated samples exhibit good stability to the sodium 
hydroxide solution. The experiment shows that the coating of an inorganic 
monolith with a polymer gives a material having novel, improved proper- 
ties. 



The stability test in alkaline solution enables the encapsulation of the 
mouldings by the polymer coating to be demonstrated. However, it is also 
entirely appropriate for some applications to use coatings with polymers 
which are unstable in sodium hydroxide solution. 
For example, the production of biocompatible surface with hydrophilic 
polymers or with polysaccharides should also be considered here. 
The example is also not restricted to the preparation of polymers on other 
inorganic supports. 



1.5 BET investigation 

The FK2 in the coated moulding were characterised by measurement of 
the specific surface area and of the pore volume. A surface area of 
280 m 2 /g and a pore volume of 0.92 ml/g were obtained here. 
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This result shows that the pores of the moulding were not "polymerised 
up", i.e. blocked, but instead a uniform layer has formed on the surface. 
The pores of the moulding are thus not completely filled with polymer. 
Accessible pore spaces thus remain in the monolith coated in accordance 
with the invention. 



Example 2 : Production of coated foreign bodies by precipitation of 

prepolymers 

2.1 Synthesis 

The following reactions were carried out in an apparatus according to 
Figure 1 . The moulding (1 ) is surrounded by a pressure-stable cladding 
(2). The coating solution, as well as further washing solutions, etc., are 
pre-mixed in container (3) and pumped by means of a pump (4) via a pres- 
sure reservoir (5) into a receiving container (6) made from pressure- 
resistant steel and from there through the moulding (1) into a waste 
container (7). 

Firstly, the moulding (Chromolith®, Merck KGaA, Darmstadt, material Si0 2 ; 
internal diameter ID = 4.6 mm; length L = 25 mm) is conditioned with the 
solvent DMF used. The starting material is thus a moulding completely 
impregnated with solvent. 



A coating solution comprising poly(methacrylate) solution (concentration 
c = 10 mgml" 1 ) in dimethylformamide (DMF; p. a.) is prepared and intro- 
duced into the receiving container (6). Pressure is generated in the pres- 
sure reservoir (5), which is partly filled with air, by means of an HPLC 
pump (Bischoff brand), and the coating solution is thus forced into the 
moulding. Since air functions as pressure promoter (air cushion), it is 
ensured that the concentration of the polymer remains constant in this 
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process. The pressure to be applied here is ~ 0.4 bar at a flow rate of 
1 mlmirf 1 . 

The volume of the solution now present in the moulding is about 
V = 0.33 ml. After 3 ml have flowed through, the moulding is removed, 
tightly sealed by means of screw connections and subsequently introduced 
into the prepared cold bath held at a temperature of -55°C (methanol/dry 
ice) for 40 min. The solvent is then removed by means of a vacuum line at 
40°C, 1 torrfor12h. 

In a similar manner, the coating can be carried out, for example, with 
poly(2-hydroxyethyl methacrylate) [P2HEMA], a copolymer of 2-hydroxy- 
ethyl methacrylate and ethyl methacrylate [P2HE.-E] or poly(octadecyl 
methacrylate) [POMA] instead of with poly(methacrylate) [PEMA]. 

A container with compressed gas, for example a nitrogen cylinder, can 
also be used for the pressure generation instead of an HPLC pump. 



2.2 Carbon content and morphology 

The carbon content of the coated mouldings, determined by elemental 
analysis, is shown in Table 2. 





P2HEMA 


P2HE.-E 


PEMA 


POMA 




0.97 


1.78 


2.14 


1.05 



Scanning electron microscopy pictures (SEM) show that there is no differ- 
ence between the coated and uncoated mouldings with respect to morpho- 
logy. The macropore structure of the mouldings is retained. Figure 2 shows 
30 the comparison of an SEM photograph of an uncoated moulding 

(Chromolith® from Merck KGaA) (Figure 2 A) and of a moulding coated 
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with a copolymer of 2-hydroxyethyl methacrylate and ethyl methacrylate 
(Figure 2 B). 

2.3 Chromatographic behaviour 

Before the chromatographic tests, the moulding now coated with poly- 
(methacrylate) is conditioned for a further 1 h with the mobile phase at 
1 mlmin" 1 . 

For the chromatographic investigations, three selected proteins: lysozyme, 
cytochrome C, myoglobin (LCM test mixture) were used as test mixture. 
The proteins were dissolved in water without addition of trifluoroacetic acid 
(TFA). The mobile phase used was an organic/aqueous eluent with addi- 
tion of TFA in gradient mode: 

Flow rate: 1 ml/min; detection: 215 nm, 400 nm; 
Room temperature 
Injection volume: 5 pi 

From 95/5% (v/v) A/B in 5 min to 5/95% (v/v) A/B; with 

A: water + 0.1% TFA, 

B: acetonitrile + 0.09% TFA 



The counterpressure was about 20 bar for poly(methacrylate)-coated 
mouldings and about 30 bar for the uncoated moulding (Chromolith®). 

The chromatograms obtained show that the elution profiles of the protein 
mixture change, as expected, depending on the hydrophobicity of the 
coating. The separation efficiency and the low column back pressure con- 
firm the good suitability of the materials according to the invention as sor- 
bent for chromatography. 
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Example 3 : Production of coated foreign bodies by chemisorption 

An azo derivative as initiator is covalently bonded to a monolithic moulding 
(Chromolith™ Si, Merck KGaA, Darmstadt, material Si0 2 ; internal diameter 
ID = 4.6 mm; length L = 25 mm) in an apparatus corresponding to 
Example 2.1, and monomers are subsequently polymerised on. 



3.1 . Coupling of p-(chloromethyl)phenyltrimethoxysilane to the sil- 
ica-gel surface 

A mixture of 3.95 g (16.04 mmol) of p-(chloromethyl)phenyltrimethoxy- 
silane and 25 ml of dry tetrahydrofuran (THF; p. a.) is prepared. The mono- 
lith was conditioned with dry tetrahydrofuran (THF). The above mixture 
were then treated with nitrogen (dried over H 2 S0 4 ) and introduced into the 
receiving container. Pressure was generated in the air-filled pressure res- 
ervoir by means of an HPLC pump (Bischoff brand), and the solution was 
thus forced into the monolith. The monolith was subsequently removed, 
tightly sealed by means of screw connections and allowed to stand verti- 
cally at room temperature for 35 h. The treated monolith was then washed 
with THF and subsequently with methanol. 
The elemental analysis gave a carbon content %C: ~ 2.87%. 

3.2. Coupling of 4,4'-azobis(4-cyanopentanoic acid) (ACPA) to the 
silane-derivatised monolith 

The monolith derivatised with silane in accordance with 3.1 was condi- 
tioned with dry toluene. A solution of 3.63 g (10.66 mmol) of 4,4'-azobis(4- 
cyanopentanoic acid) (ACPA), 5.40 g of a-picoline and 15 ml of dry toluene 
was then treated with nitrogen (dried over H 2 S0 4 ) and introduced into the 
receiving container. Pressure was generated in the air-filled pressure 
reservoir by means of an HPLC pump (Bischoff brand), and the solution 
was thus forced into the silane-derivatised monolith. The monolith was 
subsequently removed, tightly sealed by means of screw connections and 
placed vertically for 1 1 h in an oven at 50°C in which the monolith had 
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good heat contact. When the reaction is complete, the monolith is washed 

with toluene and subsequently with methanol. 

The elemental analysis gave a carbon content %C: - 4.64 

3- Thermal polymerisation with ethyl methacrylate 

The monolith derivatised with azo initiator was conditioned with dry tolu- 
ene. A solution of 1.86 g (15 mmol) of ethyl methacrylates (EMA), 0.30 g 
(1 .5 mmol) of ethylene glycol dimethacrylate (EDMA) and 1 5 ml of dry 
toluene was then treated with nitrogen (dried over H 2 S0 4 ) and introduced 
into the receiving container. Pressure was generated in the air-filled pres- 
sure reservoir by means of an HPLC pump (Bischoff brand), and the solu- 
tion was thus forced into the monolith coupled with azo initiator. The mono- 
lith was subsequently removed, tightly sealed by means of screw 
connections and placed vertically for 4 h in an oven at 90°C in which the 
monolith had good heat contact. When the reaction is complete, the 
monolith is washed with toluene and subsequently with methanol. 
The elemental analysis gave a carbon content %C: - 12.16 

The carbon content of the product can be influenced by changing the con- 
centrations of the reactants employed. 
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